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At the same time, studies of the assessment of creep damage and the mechanisms of Type IV fracture have 
been investigated, based on mechanical and microstructural approaches.  It has been computed using the finite 
element method analysis that complex multiaxial stress distributed in the welded joint affects the creep damage 
process in HAZ [2].  Meanwhile, it has been proposed that the void formation at grain boundaries was caused 
by strain heterogeneity among grains, and the growth of voids was assisted by the creep strain concerned in 
HAZ, based on microstructure observations of Mod.9Cr-1Mo steel welded joints [3].  However, the creep 
damage process in Mod.9Cr-1Mo steel welded joints is not fully understood based on this detailed 
microstructural assessment.   
Recently, the EBSD pattern method, which enables mapping of crystal orientation as a function of position, 
has been successfully applied to investigate crystallographic morphologies.  In this study, the Type IV creep 
damage process using large and thick welded joints in Mod.9Cr-1Mo steel was investigated.  The relationship 
between the sites where the creep voids and microcracking were initiated and the microstructural changes was 
evaluated using an EBSD system incorporating an SEM (SEM/EBSD). 
2. Experimental procedures 
The material investigated in the present study is a 60 mm-thick Mod.9Cr-1Mo steel plate.  The plate was 
welded using a shielded metal arc welding process.  Post weld heat treatment (PWHT) was conducted at 740°C 
for 2 hours.  A creep test of the large welded joint in Mod.9Cr-1Mo steel was conducted under 60 MPa at 
650°C, and the creep test were interrupted at 25% of a rupture life in order to investigate the damage process. 
An EBSD analysis was conducted in an FE-SEM with the specimen tilted by 70° after polishing with 
colloidal silica.  The area selected for EBSD analysis was 50 ȝm2 with a step size of 25 nm.  In this study, the 
EBSD images are represented either as image quality (IQ) maps or as inverse pole figure (IPF) maps.  The IQ 
maps represent the quality of EBSD patterns and can be used to approximate the relative presence of a strain in 
a deformed microstructure.  Meanwhile, the IPF maps show the crystallographic orientations using suitable 
color codes. 
3. Results and discussion 
3.1. Characterization of HAZ microstructure using EBSD 
The microstructural observation of welded joint without creep was evaluated using EBSD analysis.  Figure 1 
shows the IQ map (misorientation >5°) in (a) base metal before PWHT, (b) 0.5 mm from bond line (equivalent 
to coarse-grained HAZ) before PWHT, (c) 2.0 mm from bond line (equivalent to fine-grained HAZ) before 
PWHT, and (d) 2.0 mm from bond line after PWHT.  The base metal was typically tempered martensite 
dominated by linear block boundaries at a rotation angle of 60° (the gray lines in Fig. 1).  In the case of HAZ 
near the bond line (such as Fig. 1(b)), large grains and linear block boundaries similar to those in base metal 
were observed due to the tempered martensite being heated into γ single-phase field.  In contrast, many smaller 
grains were observed in the fine-grained HAZ.  These grains are consistent with γ nucleation due to rapid 
heating into the (Į + Ȗ) phase field during the weld thermal cycle.  The ratio of the small grains decreased due 
to recovery during PWHT, as shown in Fig. 1(d).  This microstructural changes indicates that fine-grained 
HAZ is an unstable microstructure that has a tendency to cause recovery and crystallization. 
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Fig. 3.  Creep voids (microcracks) in fine-grained HAZ for
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